由“二次打击”到“多重打击”:发病机制的演变带给非酒精性脂肪性肝病的治疗启示 by 刘勤 & 牛春燕
刘勤, 牛春燕, 厦门大学附属翔安医院消化内科 福建省厦门市 361101
牛春燕, 西安医学院第一附属医院消化内科 陕西省西安市 710077
牛春燕, 教授, 主任医师, 主要研究方向为肝病, 功能性胃肠病及酸相关
疾病.
基金项目: 陕西省科技厅重点研发计划, No. 2017SF-274.
作者贡献分布: 本文由刘勤完成; 牛春燕负责论文设计及审校.






From “two hit theory” to “multiple 
hit theory”: Implications of evolution 
of pathogenesis concepts for 
treatment of non-alcoholic fatty 
liver disease
Qin Liu, Chun-Yan Niu
Qin Liu, Chun-Yan Niu, Department of Gastroenterology, Xiang’
an Hospital of Xiamen University, Xiamen 361101, Fujian Province, 
China
Chun-Yan Niu, Department of Gastroenterology, the First Affiliated 
Hospital of Xi’an Medical University, Xi’an 710077, Shaanxi 
Province, China
Supported by: Key Research and Development Program of Shaanxi 
Province Science and Technology Department, No. 2017SF-274.
Corresponding author: Chun-Yan Niu, Professor, Chief Physician, 
Department of Gastroenterology, Xiang’an Hospital of Xiamen 







Non-alcoholic fatty liver disease (NAFLD) is becoming 
a burgeoning and burdensome public health problem 
worldwide, along with diabetes and metabolic syndrome. 
In the NAFLD spectrum, non-alcoholic steatohepatitis 
can progress to hepatic fibrosis, especially progressive 
fibrosis, which can lead to cirrhosis or even hepatocellular 
carcinoma. However, the pathogenesis of NAFLD is 
extremely complex and has not yet been fully elucidated, 
thus there is a lack of effective treatment. In recent years, 
the classic “two-hit” hypothesis has been gradually 
surpassed and supplemented by a great deal of findings, 
and the “multiple hit” hypothesis has been proposed and 
is being accepted. The study on the interaction among 
cellular and molecular mechanisms, environmental and 
genetic factors has revealed a number of critical targets in 
the pathogenesis of NAFLD, providing broad directions 
for the development of diagnostic markers and targeted 
therapeutic drugs. Here we elaborate the latest advances 
in understanding the pathogenesis of NAFLD from 
multiple perspectives, in order to analyze and evaluate 
the prospect of developing diagnostic biomarkers and 
therapeutic targets based on those pathogeneses.
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0  引言





病机制最经典的是 “二次打击”学说[2]. 然而, 随着新
的研究结果不断涌现, 传统的“二次打击”学说已不
足以解释NAFLD复杂的发病机制, “多重平行打击”
这一新观念应运而生, 涉及胰岛素受体(insulin receptor, 
IR)、脂毒性、炎症反应、遗传多态性和表观遗传学、
脂肪因子和肝脏因子、胆汁酸(bile acid, BA)、肠道菌
群(gut microbiota, GM)等. 
1  胰岛素抵抗: NAFLD发病机制的中心环节
IR是贯穿NAFLD发生发展的中心环节, 其对于脂毒性
的产生, 氧化应激和炎症级联反应的激活至关重要. 




































入肝脏, 并损害HGP[9], 当然这有待于进一步证实. 
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1.3 GLP-1与NAFLD 胰高糖素样肽-1(glucagon-like 
peptide-1, GLP-1)是L细胞分泌的一种肠促胰素. GLP-1
受体(GLP-1 receptor, GLP-1R)通过与其配体IRS2结合, 
或与G蛋白结合, 激活 cAMP/蛋白激酶A(protein kinase 








































合蛋白(carbohydrate response element binding protein, 




酶有硬脂酰辅酶a去饱和酶1(Stearoyl-CoA desaturase 1, 
SCD1), 二甘油酯酰基转移酶1(diglyceride acyltransferase 
1, DGAT1)和DGAT2, 乙酰辅酶A羧化酶(acetyl-CoA 

















化奠定基础. 此外, 炎症可引起肝细胞的应激反应, 诱导
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原相关分子模式(pathogen-associated molecular patterns, 
PAMPs)或宿主来源的损伤相关分子模式(damage-













4  遗传多态性和表观遗传学: NAFLD遗传背景的逐渐
揭开
NAFLD的发生是由环境和遗传因素共同作用的, 全基






的几种单核苷酸多态性(single nucleotide polymorphisms, 
SNP), 其中与NAFLD疾病进展和严重程度相关性较强
的多态性基因主要有PNPLA3和TM6SF2. 





PNPLA3-I148M的累积, TG动员受损, 造成TG的堆积[31]. 
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西他列汀(Sitagliptin) DDP-4抑制剂 Ⅱ期 NASH伴T2DM 改善肝脏脂肪变性, 血清标志物无改善
PF-05221304 ACC抑制剂 Ⅱ期 NAFLD患者且PDFF≥8% MRI提示脂肪变性改善
Aramchol SCD-1抑制剂 Ⅱ期 NASH患者且MRS提示脂肪含量＞5% MRS提示脂肪变性改善
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化伴进展危险因素
改善纤维化且不会造成NASH的恶化
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LMB-763 FXR激动剂 Ⅱ期 组织学或表型NASH 改善ALT
IMM-124E 肠道菌群、LPS Ⅱ期 NASH MRI提示脂肪变性改善
NAFLD: 非酒精性脂肪性肝病; NASH: 非酒精性脂肪性肝炎; ALT: 谷丙转氨酶; FXR: 法尼酯X受体; MRI: 磁共振成像; MRS: 磁共振波谱分析; PDFF: 质子
密度脂肪率磁共振成像; HVPG: 肝静脉压力梯度.
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